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CC BY-NC-ND license (http://creativPurpose: This study aims to quantify and identify risk factors for intraocular lens (IOL) tilt and
decentration early after surgery using Scheimpflug imaging.
Methods: We prospectively included 268 eyes of 253 patients who underwent uneventful cata-
ract surgery and one-piece IOL implantation using a superior or temporal approach. Scheimp-
flug imaging was used to evaluate the tilt and decentration of IOLs at 1 week, 1 month, and
3 months postoperatively. Differences in IOL tilt and decentration between the approaches
were examined. Correlations of age and axial length with the magnitudes of IOL decentration
and tilt were also examined.
Results: In total, 139 right and 129 left eyes were included. IOL displacement averaged 150 mm
upward and 150 mm to the nasal side of the pupil. Over 50% of the eyes were tilted upward and
approximately 90% to the temporal side. The surgical approach was significantly associated
with horizontal decentration in both eyes, but significantly associated with only vertical de-
centration in the right eye 1 week postoperatively. In the left eyes, IOLs were shifted to the
nasal side in 57.1% and 36.8% of the eyes that received the temporal and the superior
approach, respectively, compared with 75.8% and 50% in the right eyes. The differences were
significant only at 1-week follow-up (p Z 0.035 and p Z 0.003, respectively). Age or axial
length was not associated with IOL tilt or decentration in either eye.
Conclusion: Scheimpflug imaging can be used as a quantitative tool to evaluate IOL position. The
incision site affected the IOL position, this finding was significant at 1 week postoperatively only.
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Intraocular lens (IOL) decentration and tilt can lead to
astigmatism, change in optical higher-order aberrations,
and loss of best-corrected visual acuity.1,2 Accurate IOL
position is even more important in this era of premium IOLs.
Although the incidence of IOL misalignment has been sub-
stantially reduced due to the improvements of surgical
techniques and IOL designs, it can still occur even after an
uneventful surgery.3 While there have been many methods
to measure IOL position including ultrasound bio-
microscopy, Scheimpflug images, Purkinje reflections,
photographic documentation, and anterior segment optical
coherence tomography (OCT),4e8 only a few studies have
been able to identify the risk factors associated with IOL
decentration and tilt, especially in the early postoperative
period. The purpose of this study was, therefore, to docu-
ment postoperative IOL decentration and tilt after un-
eventful phacoemulsification using Scheimpflug imaging.
We further investigated the possible factors associated with
IOL decentration and tilt.Materials and methods
Patients
This prospective study recruited Taiwanese patients older
than 55 years who had uneventful phacoemulsification with
IOL insertion. This study was approved by the Institutional
Review Board/Ethics Committee of the Far Eastern Memo-
rial Hospital and was conducted in accordance with the
tenets of the Declaration of Helsinki. The exclusion criteria
included uveitis, posterior synechia, history of ocular sur-
gery or trauma, lens subluxation, and zonule dehiscence
that was found before or during the surgery. Patients with
surgical complications including anterior radial tear, pos-
terior capsule rupture or anterior capsule that did not
totally cover the IOL were also excluded. A total of 286 eyes
of 271 patients were enrolled in this study. All patients
received a full ophthalmic examination, including visual
acuity, autorefraction (KR 8900; Topcon, Tokyo, Japan),
noncontact pneumotonometry (CT-80; Topcon, Oakland,
CA, USA), slit-lamp examination, and indirect ophthalmos-
copy, before and after the surgery. Axial length was
measured with the IOL Master V4.8 (Zeiss, Oberkochen,
Germany). Measurement of IOL centration with Scheimpflug
imaging (Pentacam HR; Oculus, Wetzlar, Germany) was
performed 1 week, 1 month, and 3 months after surgery.
The position of the patient’s head was confirmed to be
straight and centrally located. All the examinations were
performed according to the manufacturer’s instruction and
performed by a single well-trained technician.
Surgical procedures
All surgeries were performed by one of four experienced sur-
geons. Two surgeons (P.Y.C. and J.K.W.) used the temporal
approachand two (P.Y.S. and S.W.C.) the superior approach.A
continuous curvilinear capsulorrhexis measuring approxi-
mately 5.5 mm in diameter was created. PhacoemulsificationPlease cite this article in press as: Chang P-Y, et al., Surgical approac
Medical Association (2016), http://dx.doi.org/10.1016/j.jfma.2016.04was performed using a standardized technique. The capsu-
lorrhexisoverlappedtheIOLoptic inallcases. IOLimplantation
into the capsule bag was performed with an injector. The two
kinds of IOLs used in our study [single-pieceacrylic AcrySof IOL
(Alcon,Texas,TX,USA)andsingle-pieceTecnisZCB00aspheric
IOL (Abbott Laboratories Inc., Chicago, IL, USA)]. Both have a
13.0 mm haptic length and a 6.0 mm optic diameter.
Postoperative measurements with Pentacam HR
The Scheimpflug imaging system was used to evaluate IOL tilt
and decentration. Algorithms that work directly on the raw
images to correct geometric distortion and calculate IOL tilt
and decentration were developed following the method of de
Castroet al.7 Briefly, the geometrical distortionof the anterior
segment image caused by the tilt of the object plane with
respect to the optical axis of the Pentacam image was first
corrected. Edges of the cornea, iris, and IOLwere detected by
the custom code written in Matlab (Appendix 1). The closest
curves of the cornea, iris, and IOLwere fit by the least squares
method. The line crossing the midpoint of the intersection of
the two fitting curves of the anterior and posterior IOL edges
was defined as the IOL center and the perpendicular line was
defined as IOL axis. The line connecting the centers of the
anterior corneal surfaceand thepupilwas definedas thevisual
axis. IOL decentrationwas calculated as thedistance between
the IOL axis and the IOL center. IOL tilt was defined as the
angle between the IOL axis and the visual axis. IOL decentra-
tion was obtained from the distance between the IOL center
and the pupillary axis. The patients for whom the Scheimpflug
imaging system failed to get a clear imagewereexcluded from
the analysis; a total of 18 eyes (6.29%) were excluded.
Figure 1 shows the definition of a positive or negative sign
for the direction of IOL decentration and tilt. By eliminating
the positive and negative signs,magnitudes of horizontal and
vertical decentration can be determined without reference
to the nasal/temporal and superior/inferior orientation,
respectively. By eliminating these positive and negative
signs, magnitudes of horizontal and vertical tilt can be
determined without reference to any orientation. All mea-
surements were performed by the same technician (C.Y.L.).
Statistical analysis
Descriptive statistics, including the number for categorical
data, mean and standard deviation, and frequency for
continuous data, was used to show data distributions.
Multivariate regression analysis adjusted by age and sex
was used to find the possible factors associated with IOL
decentration and tilt. As values of outcome variables
(decentration and tilt on the x- and y-axis) can be either
positive or negative, we analyzed them separately by tak-
ing the absolute and raw values of the outcome variables.
The original value was used to preserve the direction of
data, and find the relationship between variables and the
direction of IOL decentration and tilt. The absolute value
was used to derive the relationship between variables and
the amount of IOL decentration and tilt. In all analyses, p
values of <0.05 were considered to indicate statistical
significance. The Chi-square test was used to determine the
difference in x and y decentration between superior andh affects intraocular lens decentration, Journal of the Formosan
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Figure 1 Positive horizontal coordinates stand for nasal in the
right eye and temporal in the left eye. Positive vertical co-
ordinates stand for superior decentration, and negative for
inferior ones. Regarding IOL tilt, a positive tilt around the x-axis
indicates that the superior edge of the IOL ismoved forward, and
vice versa for a negative tilt. A positive tilt around the y-axis
shows a nasal tilt in the right eye, which indicates that the nasal
edge of the IOL is moved backward, and vice versa for a negative
tilt around the y-axis in the right eyes. A positive tilt around the
y-axis stands for a temporal tilt (nasal edge of the IOL moves
forward) in the left eyes. An upward tilt indicates that the top of
the lens tilted more toward the back, and the bottom of the lens
tilted more toward the front. IOLZ intraocular lens.
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using SPSS (version 16.0; SPSS, Chicago, IL, USA).
Results
A total of 286 eyes of patients were originally included in the
study. However, the Scheimpflug imaging system failed to get
a clear image for 18 eyes (6.29%) to quantify the IOL position.
Complete data were collected for 139 right eyes and 129 left
eyes. Both eyes of 15 patients were included at 1-week
follow-up. At 1-month follow-up, 26 right eyes and 14 left
eyes were absent, including both eyes of 13 patients. At 3-
month follow-up, 79 right eyes and 55 left eyes were absent,Table 1 Baseline demographics and ocular characteristics of th
1 wk (eyes Z 139)
Mean age (y) 66.32  9.63
Gender (M/F) 77/62
Axial length (mm) 23.65  1.34
IOL (SA60AT/ZCB00) 92/47
Approach (temporal/superior) 95/44
X decentration (mm) 146.0  109.8
(67.6% nasal)
Y decentration (mm) 147.8  127.6
(68.3% upward)
X tilt (degree) 1.05  0.78
(52.5% upward)
Y tilt (degree) 2.61  1.07
(88.5% temporal)
IOL Z intraocular lens.
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Medical Association (2016), http://dx.doi.org/10.1016/j.jfma.2016.04including both eyes of seven patients. At 3-month follow-up,
most IOLs were displaced upward (average 155.8 mm and
153.2 mm in the right and left eyes, respectively) and nasally
(167.8 mm and 155.3 mm in the right and left eyes, respec-
tively). Over 50% of the eyes tilted upward (average 1.09 and
1.03 in the right and left eyes, respectively) and approxi-
mately 90% tilted to the temporal side (average 2.7 and 2.04
in the right and left eyes, respectively). The basic de-
mographics of patients and tilt and decentration of IOLs are
summarized in Tables 1 and 2. There was no difference in the
IOL decentration and IOL tilt between the two IOLs (data not
shown for simplicity); the data of the two IOLs were thus
pooled and analyzed together. Most IOLs were displaced up-
ward and to the nasal side of the pupil center, and most IOLs
were tilted to the temporal side and upward (Tables 1 and 2).
The surgical approach was significantly associated with x
decentration (raw value) in both eyes at 1-week follow-up
(Table 3). This association was not found at either the 1-
month or the 3-month follow-up. The surgical approach was
associated with y decentration (raw value) only in the right
eye and also only at 1-week follow-up (Table 3). The surgical
approach was not significantly associated with IOL tilt
(whether a raw value or the absolute value) (Tables 3 and 4).
In the horizontal decentration, the percentage of nasal
decentration in the superior and temporal approaches was
not significantly different in the right eyes at any follow-up
time. However, in the left eyes, the IOLs were shifted to
the nasal side in 57.1% and 36.8% of eyes operated using the
temporal and superior approaches, respectively. The dif-
ference was also significant only at 1-week follow-up
(p Z 0.035). In vertical decentration, the percentage of
superior decentration in the superior and temporal ap-
proaches was not significantly different in the left eyes at
any follow-up time. However, in the right eyes, the IOLs
were shifted upward in 75.8% of eyes operated with the
temporal approach and in 50.0% of those undergoing the
superior approach. The difference was also significant only
at 1-week follow-up (p Z 0.003). There was more nasal
decentration of IOLs in the right eyes than in the left eyes
at 1-week, 1-month, and 3-month follow-ups (all p < 0.05).
The age, IOL type, or axial length were not significantly
associated with x or y tilt, or x or y decentration in either
eye at 1-week, 1-month, and 3-month follow-ups.e right eyes of enrolled patients.
1 mo (eyes Z 113) 3 mo (eyes Z 60)
66.34  9.23 67.18  9.59
54/59 30/30
23.63  1.25 23.58  1.25
78/35 48/12
79/34 38/22
162.7  115.7
(68.1% nasal)
167.8  113.4
(69.7% nasal)
146.5  101.1
(61.9% upward)
155.8  108.6
(63.3% upward)
1.06  0.87
(56.6% upward)
1.09  0.65
(51.7% upward)
2.52  1.15
(88.5% temporal)
2.70  1.24
(83.3% temporal)
h affects intraocular lens decentration, Journal of the Formosan
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Table 3 Multivariate regression parameter estimation in the right and left eyes, respectively.
Age Sex Axial length IOL Approach
Right Left Right Left Right Left Right Left Right Left
X decentration
1 wk 0.17 0.001 0.14 0.015 0.06 0.000 0.11 0.005 0.64* 0.087*
1 mo 0.007 0.018 0.005 0.009 0.025 0.016 0.068 0.045 0.004 0.068
3 mo 0.024 0.012 0.019 0.007 0.006 0.004 0.006 0.034 0.086 0.024
Y decentration
1 wk 0.01 0.027 0.017 0.059 0.018 0.015 0.009 0.009 0.089* 0.039
1 mo 0.026 0.015 0.047 0.004 0.011 0.009 0.016 0.038 0.016 0.021
3 mo 0.015 0.027 0.016 0.005 0.011 0.003 0.010 0.041 0.118 0.041
X tilt
1 wk 0.052 0.036 0.429 0.110 0.068 0.172 0.086 0.311 0.330 0.008
1 mo 0.240 0.108 0.497 0.361 0.031 0.117 0.030 0.229 0.069 0.417
3 mo 0.021 0.005 0.552 0.477 0.049 0.215 0.081 0.442 0.285 0.695
Y tilt
1 wk 0.287 0.070 0.259 0.249 0.008 0.120 0.291 0.434 0.390 0.174
1 mo 0.151 0.020 0.495 0.165 0.110 0.107 0.433 0.385 0.008 0.143
3 mo 0.169 0.069 0.190 0.491 0.023 0.031 0.501 0.050 0.168 0.581
*p < 0.05.
IOL Z intraocular lens.
Table 2 Baseline demographics and ocular characteristics of the left eyes of enrolled patients.
1 wk (eyes Z 129) 1 mo (eyes Z 115) 3 mo (eyes Z 74)
Mean age (y) 67.70  10.23 67.52  10.01 67.11  10.50
Gender (M/F) 65/64 59/56 37/37
Axial length (mm) 23.61  1.27 23.59  1.35 23.65  1.48
IOL (SA60AT/ZCB00) 94/35 80/35 48/26
Approach (temporal/superior) 91/38 82/33 55/19
X decentration (mm) 149.7  107.8
(51.2% nasal)
152.1  108.5
(57.8% nasal)
155.3  109.6
(54.1% nasal)
Y decentration (mm) 160.3  119.7
(71.3% upward)
154.8  114.3
(68.7% upward)
153.2  124.8
(62.2% upward)
X tilt (degree) 1.16  0.93
(65.1% upward)
1.04  0.96
(60.9% upward)
1.03  0.94
(56.8% upward)
Y tilt (degree) 2.38  1.23
(98.4% temporal)
2.48  1.24
(97.4% temporal)
2.04  1.13
(95.9% temporal)
IOL Z intraocular lens.
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Most studies determining the decentration and tilt of IOLs
describe only the absolute values of IOL decentration and
tilt, neglecting the direction of the decentration and tilt.9,10
Our results of IOL decentration and tilt are similar to those
reported by Eppig et al11, who analyzed the absolute values
in six studies and reported a mean decentration of
0.30 mm  0.16 (standard deviation) (range 0.00e1.09 mm)
and a mean tilt of 2.62  1.14 (range 0.20e8.17).
For the first time in the literature, we demonstrated a
difference in the amount of IOL decentration following
different surgical approaches as well as between the right
eye and the left eye, although the difference was signifi-
cant only at 1 week postoperatively. By analyzing a large
number of IOLs inserted through both superior and nasal
incisions, we were able to demonstrate a difference in IOL
decentration and tilt secondary to surgical techniques.
Previous studies that provided information on the directionPlease cite this article in press as: Chang P-Y, et al., Surgical approac
Medical Association (2016), http://dx.doi.org/10.1016/j.jfma.2016.04of displacement had conflicting results.8,12,13 In our study,
the IOL was displaced 147.8  127.6 mm upward and
146.0  109.8 mm to the nasal side of the pupil. These
observations were similar to the results of Mester et al8 who
reported nasal decentration and upward decentration of
Tecnis ZCB00 IOL. Our results differ from those of earlier
studies that found temporal decentration of IOLs in a
relatively small (<20 eyes) sample size.12,13
Natural lenses are mirror symmetrical, tilted upward,
and are displaced 0.07  0.10 mm to the temporal side and
0.16  0.11 mm downward with respect to the pupil cen-
ter.8 Schaeffel14 attributed this downward displacement to
gravity. Human lens wet weight is around 150 mg in child-
hood and gradually increases to 250 mg at 80 years of age.15
In contrast, the weight of the two IOLs included in this
study is approximately 20 mg. While the increase in lens
wet weight throughout adult life supports the gravity the-
ory, most studies have found that IOLs show a mild upward
displacement.8,16 In our study, there was an upwardh affects intraocular lens decentration, Journal of the Formosan
.003
Table 4 Multivariate regression parameter estimation of absolute values in the right and left eyes, respectively.
Age Sex Axial length IOL Approach
Right Left Right Left Right Left Right Left Right Left
X decentration
1 wk 0.018 0.008 0.015 0.006 0.001 0.003 0.004 0.012 0.014 0.010
1 mo 0.014 0.007 0.012 0.024 0.006 0.013 0.038 0.033 0.004 0.026
3 mo 0.023 0.001 0.073 0.046 0.007 0.003 0.036 0.005 0.063 0.032
Y decentration
1 wk 0.003 0.010 0.004 0.026 0.015 0.003 0.005 0.028 0.044 0.038
1 mo 0.013 0.004 0.018 0.015 0.001 0.011 0.008 0.006 0.001 0.002
3 mo 0.016 0.022 0.101 0.007 0.011 0.000 0.022 0.017 0.048 0.015
X tilt
1 wk 0.193 0.027 0.054 0.228 0.021 0.035 0.170 0.104 0.205 0.073
1 mo 0.071 0.096 0.063 0.172 0.082 0.015 0.092 0.012 0.240 0.159
3 mo 0.094 0.178 0.218 0.208 0.020 0.021 0.046 0.013 0.266 0.090
Y tilt
1 wk 0.217 0.063 0.268 0.250 0.025 0.118 0.215 0.443 0.352 0.184
1 mo 0.151 0.015 0.359 0.326 0.051 0.094 0.106 0.252 0.131 0.285
3 mo 0.057 0.056 0.239 0.436 0.007 0.033 0.345 0.063 0.322 0.547
IOL Z intraocular lens.
Figure 2 Incision wound and IOL insertion direction by a
right-handed surgeon in the right and left eyes, respectively.
IOL Z intraocular lens.
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+ MODELdisplacement of the IOL in 68.3% of the right eyes and 71.3%
of the left eyes at 1 week postoperatively. The percentage
of upward displacement decreased to 63.3% in the right
eyes and 62.2% in the left eyes at 3 months postoperatively.
This also echoed the results of Roshdy et al16 who noted a
tendency of a downward drift of IOLs at 2 months post-
operatively. In terms of horizontal and vertical tilt, we
demonstrated a mirror symmetrical, temporal, and upward
tilt of IOLs in the right and left eyes, which is compatible
with the orientation of the natural lens.13
xFactors contributing to IOL decentration and tilt were
different at different stages. Many well-known pathologic
factors such as posterior capsule opacification and anterior
capsule fibrosis affect IOL position in the late postoperative
period.17 However, a proper capsulorrhexis size with a
completely overlapping anterior capsule on the optic edge
of the IOL had the greatest influence on IOL stability in the
early postoperative period.6,18 The design and material of
the IOLs determined IOL position in early and late post-
operative periods.19 In our study, the surgical approach was
a significant factor with horizontal decentration in both
eyes at 1 week postoperatively. In vertical decentration,
there was a more upward shift of the IOLs in the right eyes
operated with the temporal approach than with the supe-
rior approach (75.8% and 50.0%, respectively, p Z 0.003).
This is probably explained by the interplay between the
precise location of the incision and the resultant vector in
the vertical direction. All our surgeons are right handed,
and the corneal incision would usually shift slightly toward
the right (Figure 2). IOL insertion in the superior wound
would thus result in a downward vertical vector. In
contrast, IOL insertion in the temporal wound would result
in an upward vertical vector in the right eye. These two
opposite vectors would consequently lead to a significant
difference in the IOL vertical decentration between the
superior and temporal incisions in the right eyes. On the
contrary, the vertical vectors of IOL implantation in the left
eyes pointed downward on the y-axis, in both temporal and
superior approaches. There was, as a result, no differencePlease cite this article in press as: Chang P-Y, et al., Surgical approac
Medical Association (2016), http://dx.doi.org/10.1016/j.jfma.2016.04in the vertical decentration between the superior and
temporal incisions, i.e., the effect might have been offset
in the left eyes. The same theory could be applied to the
horizontal decentration. In the left eyes, there were more
IOLs shifted to the nasal side in eyes operated with the
temporal approach than those with the superior approach
(57.1% and 36.8%, respectively, p Z 0.035). This indicates
that the IOLs might have been pushed slightly to the
opposite direction of the surgical site intraoperatively. In
contrast, the horizontal vectors of IOL implantation in the
right eyes pointed nasally on the x-axis, in both temporal
and superior approaches, which thus offset the effect in
the right eyes. However, the “push away” effect did not
last long. We did not find a significant association between
surgical approach and IOL centration at 1 month and
3 months postoperatively. This is reasonable as capsular
fibrosis, even if not clinically detectable, could diminish the
“push away” effect in the late postoperative stage. More-
over, there was greater nasal decentration of IOLs in the
right eyes than in the left eyes at 1-week, 1-month, and 3-
month follow-ups (all p < 0.05). This was because in the
right eyes, regardless of whether the superior or theh affects intraocular lens decentration, Journal of the Formosan
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+ MODELtemporal approach was used, the horizontal vectors of IOL
implantation pointed nasally on the x-axis. However, in the
left eyes, the horizontal vectors in both the superior and
the temporal approach was just offset (Figure 2). To our
knowledge, no studies have ever correlated the post-
operative IOL position with the incision site through which
the surgeon implanted an IOL.
An IOL in a larger capsule bag would supposedly decenter
more easily. Myopic eyes with a longer axial length had a
relatively larger capsule bag.20,21 It would thus be reason-
able to expect larger decentration and tilt in eyes with a
longer axial length. However, we were unable to find an as-
sociation between axial length and IOL decentration and tilt
in our study. There may be several reasons to explain this.
First, an IOL with a dimension smaller than that of the
capsule bag diameter is more likely to result in unstable
fixation. The mean postmortem diameter of an empty
capsule bag has been shown to vary from 10 mm to
10.8 mm.22 The haptic diameter of the IOLs used in our study
was 13.0mm,which is larger than that of the capsule bag and
would thus result in a stable IOL position without significant
decentration and tilt. Second, the capsule bag diameter in-
creases with axial length in hyperopic and normal eyes, but
not in those with an axial length longer than 25 mm.20 In our
study, 89.2% of eyes had an axial length shorter than 25 mm.
Had the association between axial length and capsule bag
dimension contributed significantly to the IOL decentration,
we would have demonstrated greater IOL decentration/tilt
in eyes with a longer axial length. Our results confirmed that
inserting an IOL with a diameter larger than that of the
capsule bag not only mitigated possibly greater IOL decen-
tration/tilt in eyes with a longer axial length, but also
benefited postoperative centration. Third, capsule/IOL
overlap is a significant predictor of horizontal IOL decen-
tration.9,23 Nagy et al6 reported that there was a significant
correlation between IOL decentration and axial length in the
manual capsulorrhexis group becausemanual capsulorrhexis
was often larger in myopic eyes. In their research, the inci-
dence of incomplete capsule/IOL overlap wasmuch higher in
the manual capsulorrhexis group (28%) than in the femto-
second laser group (11%). As eyes with an incomplete
capsule/IOL overlap were excluded from our study, it is
reasonable that we did not find the correlation between IOL
decentration and axial length. Our results also echoed the
finding that the capsule/IOL overlap rather than the axial
length per se contributed more to IOL centration.
To our knowledge, few researchers have studied the aging
effect on IOL centration. In our study, agewas not a significant
risk factor of IOL decentration up to 3 months after surgery.
However, since all patients in our study were older than
55 years, our results may not directly apply to the natural lens
position in the general population. The limitation of our study
is that approximately 50% of eyes were not examined at
3 months. However, as contemporary cataract surgery pro-
vides rapid and satisfactory results shortly after surgery, it is
understandable to have a relatively lower follow-up exami-
nation rate at 3 months. Nevertheless, there was no signifi-
cant difference between groups at 1 month, with a relatively
large number of eyes (113 right eyes and 115 left eyes) being
analyzed. Furthermore, the directions of decentration and
tilt are similar between the 1-month and 3-month results. It
would thus be convincing that the insignificant differencePlease cite this article in press as: Chang P-Y, et al., Surgical approac
Medical Association (2016), http://dx.doi.org/10.1016/j.jfma.2016.04between groups in analyzing data from 60 right eyes and 74
left eyes could still represent meaningful information.
The strength of this study was our relatively large sam-
ple size, which allowed an in-depth analysis. We found the
direction of IOL insertion affected IOL position, but only at
1 week postoperatively. The clinical implication of our
study is that surgeons can adjust their maneuver in IOL
implantation to minimize IOL decentration/tilt. As most
IOLs decentered 150 mm both upward and nasally using the
current implantation techniques, while natural lens
decentered downward and temporally,8,14 we advise a
slight downward and temporal adjustment of the IOL at the
end of surgery. Whether the tilt and decentration of IOL are
subclinical or influence visual outcome needs to be deter-
mined. Furthermore, by choosing an IOL with a diameter
larger than that of the capsule bag, we demonstrated that
both age and axial length were not significantly associated
with IOL decentration and tilt.Acknowledgments
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Appendix 1. The method of measuring the
decentration and tilt of an IOL using
Scheimpflug imaging (Pentacam HR; Oculus)
Software: Matlab (custom code for calculating the IOL
position):
(1) Capture the patient’s anterior segment image using
the Pentacam HR.
(2) Correct the geometrical distortion of the anterior
segment image using the correct points shown in the
Pentacam system and the custom algorithm (geomet-
rical distortion caused by a tilt of the object plane with
respect to the optical axis of the Pentacam).
(3) Perform edge detection of the cornea, iris, and IOL by
the custom code written in Matlab:h affe
.003(3.1) Choose the region of interest for analysis.
(3.2) Adjust the threshold value to find the best curve
fitting.
(3.3) If there are small light spots in the image,
adjust the slider (remove the small area) to
eliminate the noise.
(3.4) On failure to detect the edge for a certain IOL,
try fitting manually to find the best curve fitting.(4) Use the edge point obtained from Step 2 to fit the
closest curve of the cornea, iris, and IOL (least
squares method).
(5) Define the IOL axis: the line crossing the midpoint of
the intersection of the two fitting curves of the
anterior and posterior IOL edges is the IOL center, and
the perpendicular line is IOL axis (Figure A.1).
(6) Define the visual axis: line crossing the anterior
corneal surface center and the center of the pupil
(Figure A.1).
(7) Calculate the decentration of the IOL: the distance
between the IOL axis and the IOL center (Figure A.2).cts intraocular lens decentration, Journal of the Formosan
Surgical approach affects intraocular lens decentration 7
+ MODEL(8) Calculate the tilt of the IOL: the angle between the
IOL axis and the visual axis (Figure A.2).Figure A.1 Definition of IOL axis and visual axis in Matlab.
Figure A.2 Calculation of decentration and tilt of the IOL.2References
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